Background/Objectives: To provide a detailed lipid profile of a European adolescent population considering age, gender, biological maturity, body mass index (BMI), fat mass (FM) and percentage body fat (BF). Subjects/Methods: Within Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA), a cross-sectional study was conducted to determine fasting serum concentrations of lipids, lipoproteins and apolipoproteins in 1076 adolescents aged 12.5-17.49 years from ten European centres. Results: All serum lipid concentrations were significantly higher in girls than in boys. In boys, age was negatively correlated with high-density lipoprotein (HDL)-cholesterol and total cholesterol (TC), and positively associated with triacylglycerides (TAG) (Po0.01) whereas no significant associations were observed in girls. Biological maturity was negatively associated with TC, HDL-, low-density lipoprotein (LDL)-and non-HDL cholesterol in boys (all Po0.05) and negatively correlated with HDL-cholesterol in girls (Po0.05). BMI, FM and BF were significantly correlated with HDL-cholesterol, LDL-cholesterol, non-HDL cholesterol, apolipoprotein (apo) A1, apoB and TAG in both boys and girls. Conclusions: The lipid profile in adolescents is strongly determined by gender. Biological maturity, FM and percentage BF contribute to the variance in lipid concentrations and should be considered in future evaluations of lipid status.
Introduction
Autopsy studies strongly indicate that the origin of atherosclerosis is verifiable in early childhood and adolescence; fatty streaks are already present in early age and may progress to fibrous plaques after the second decade of life (Nakashima et al., 2007; McGill, Jr. et al., 2000 . Among others, dyslipidemia in children and adolescents is an accepted causal risk factor for early arterial plaque development (Steinberger and Kelly, 2008) . Within the serum lipid profile, total cholesterol (TC), triacylglycerides (TAG), low-density lipoprotein (LDL)-cholesterol, and (high-density lipoprotein) HDL-cholesterol as well as calculations of lipid and lipoprotein ratios such as LDL:HDL-cholesterol, and TAG:HDLcholesterol can be used to assess the individual atherogenic risk (Srinivasan et al., 1989; Webber et al., 1991; Mahoney et al., 1996; Raitakari et al., 2003; Miettinen et al., 2008) .
Currently, evaluation of blood lipid profiles in adolescence uses reference data published by the American National Cholesterol Education Program (NCEP) for children and adolescents (1992) . For instance, in the age range of 10-19 years, the cut-off for TAG, TC and LDL-cholesterol were set at X130 mg/dl, X200 mg/dl and X130 mg/dl, respectively (NCEP, 1992) . These reference data, however, have several shortcomings (Steinberger and Kelly, 2008) . First, the data are based on examinations of children and adolescents from families with hypercholesterolemia or premature cardiovascular diseases. Thus, the subjects may not be metabolically healthy owing to familial predisposition. Second, the data fail to account for variations in serum lipids owing to gender and pubertal status that are hypothesized to influence serum lipid profiles (Berenson et al., 1981; Pinhas-Hamiel et al., 2007) . Third, risk factors like high body mass index (BMI) (overweight and obesity) and body fat (BF) are not considered. Fourth, there is a singular focus on LDL-cholesterol, not considering in detail the rest of blood lipid parameters. Consequently, regional specific reference data for healthy adolescents addressing the impact of growth, alterations in body composition and grade of puberty are suggested.
Our knowledge with respect to lipid profiles in European adolescence is scarce. Most of the studies performed were focused on children and adolescents with obesity, diabetes mellitus or chronic inflammatory bowel diseases (Levy et al., 2000; Glowinska et al., 2003; Bueno et al., 2006; Choi et al., 2006; Pinhas-Hamiel et al., 2007; Guven and Sanisoglu, 2008) . Only the Spanish (Food and Assessment of the Nutritional Status of Adolescents AVENA) cross-sectional study assessed age-and sex-specific serum lipid profiles in 581 healthy adolescents (Ruiz et al., 2006a, b) , but its study population was limited to Spain. The main findings were TC values of 191 mg/ dl for males and 201 mg/dl for females in the 90th percentile, respectively. HDL-cholesterol levels were significantly higher in females of all age groups. LDL-cholesterol levels ranging from 90 to 98 mg/dl in males and from 92 to 101 mg/dl in females, peaking at 13 years of age in both sexes. TAG levels tended to increase gradually (ranging from 69 to 76 mg/dl) and to peak at 17 years of age for both sexes. Apolipoprotein A1 (apoA1) and apoB levels paralleled those of HDL-and LDL-cholesterol values, respectively (Ruiz et al., 2006a) .
Thus, the aim of the present study was to provide a detailed fasting serum lipid profile including lipids, lipoproteins and apolipoproteins of a European adolescent population considering age, gender, biological maturity, BMI, percentage BF and fat mass (FM) applying standardized methodology and analytics, and to evaluate the influence of those factors on the lipid profile.
Subjects and methods
Recruitment and study design Within the 6th European Union Framework Programme, a European multicentre cross-sectional study was performed in adolescents aged 12.5-17.49 years to assess a Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA). The general methodology has been described in detail previously (Moreno et al., 2008) . Briefly, apparently healthy adolescents were recruited in ten cities across Europe, selected on the basis of two criteria: (i) regional distribution (Northern, Southern, Western, Eastern and Central Europe) and (ii) presence of an active research group assuring sufficient expertise and resources to successfully perform epidemiological studies. Northern Europe was represented by a study center in Stockholm (Sweden); Southern Europe by Athens, Heraklion (Greece), Rome (Italy) and Zaragoza (Spain); Eastern Europe by Pecs (Hungary); Western Europe by Ghent (Belgium) and Lille (France); and Central Europe by Dortmund (Germany) and Vienna (Austria). Each partner was asked to include 100 randomly selected male and female adolescents.
Data concerning age and gender were obtained by recruiting complete school classes. The schools were selected by performing a random proportional distribution of all schools considering area and type of school in order to guarantee sample diversity with respect to cultural and socioeconomic aspects. The school and class random selection procedure was done centrally by the Ghent group.
All protocols and informed consents for this study were reviewed and approved by the national Ethics Review Committee of each participating country according to the Helsinki Declaration of 1964 as revised in 2000 and to the International Conferences on Harmonization for Good Clinical Practice. In addition, quality control was further assured throughout the whole project as described (Beghin et al., 2008) . Prior to the start of the HELENA-cross-sectional study, all methods were tested in a pilot study to assure adequate sampling, practicability of all applied methods and to optimize transport logistics and analytics .
Physical examination
Prior to the study day of blood donation and body composition assessment, participants were asked to abstain from eating and drinking after 2000 h. On the study day, a medical doctor visited the school classes to check individual health status. In addition to medical health assessment, all participants reported their medical history (presence of acute diseases, allergies, actual medication and nutrient supplements). In case of acute infections, participants were not included in the blood sampling group. Biological maturity was assessed by means of Tanner stage (Tanner and Whitehouse, 1976 ). When biological maturity revealed different results when assessing gonads/breasts and pubic hair, the higher grade was chosen.
Anthropometric measurements
Anthropometric measures were performed using validated methods and standardized approaches as described (Nagy et al., 2008) . Briefly, body weight was measured in underwear and without shoes using an electronic scale (type seca 861, seca, Hamburg, Germany) to the nearest 0.1 kg; height was measured barefoot in the Frankfort plane with a telescopic height-measuring instrument (type seca 225) to the nearest 0.1 cm. A set of skinfold thicknesses (biceps, triceps, subscapular, suprailiac and thigh) was measured three times on the left side of the body with a Holtain-Kahn Abdominal Caliper (nearest 0.2 mm) (Crymych, UK), and the mean values were used in the analyses. Intraobserver reliability for skinfold thicknesses was 495% and interobserver reliability was 490% (Nagy et al., 2008) . FM and percentage BF was calculated using the formula of Slaughter et al. (1988) . Fat-free mass (kg) was defined as the difference between body weight (kg) and FM (kg).
Blood sampling and laboratory methods Venous blood sampling took place between 0800-1000 h after a 10-h overnight fast. The sampling procedure and sample logistics have been described in detail elsewhere .
Serum concentrations of TAG, TC, HDL-and LDL-cholesterol were measured enzymatically on the Siemens Dimension RxL Max Integrated Chemistry System (Dade Behring, Schwalbach, Germany) using the manufacturer's reagents and instructions. Non-HDL cholesterol was calculated by subtracting HDL-cholesterol from TC. The intra-assay coefficients of variation were o3.3% and the inter-assay coefficients o3.9% for all parameters.
Serum apoA1 and apoB were measured by immunoturbidimetric tests using a Siemens BN II System (Dade Behring). Lipoprotein(a) (Lp(a)) was determined by means of particle-enhanced immunonephelometry (BN II analyzer). The intra-assay coefficients of variation were o3.9% and the inter-assay coefficients o4.3% for all parameters.
Statistical analysis
Statistical analyses were performed using the SPSS statistical software package (version 17.0, SPSS Inc., Chicago, IL, USA). To assess the influence of age, adolescents were stratified into four gender-specific age groups ranging from 12.5 to 13.99, 14 to 14.99, 15 to 15.99 and 16 to 17.49 years, respectively. A weighting factor was calculated in order to adjust the theoretical sampling to the observed sample in function of age and gender.
Graduation into five grades of biological maturity ranging from no development (Tanner stage I) to complete development (Tanner stage V) was made to assess the influence of biological maturity on lipid profiles (Tanner and Whitehouse, 1976) .
BMI was calculated and allocated to the age-and sexspecific cut-off points obtained from LMS (L, smooth curve; M, mean; S, coefficient of variation) growth charts created by Cole et al. (2000 Cole et al. ( , 2007 . Afterwards, the BMI cut-off points were recoded to the following categories so that they correspond to adult classifications for underweight (o18.5 kg/m 2 ), normal weight (18.5-24.9 kg/m 2 ), overweight (25-29.9 kg/m 2 ) and obesity (X30 kg/m 2 ). Normal BF corresponded to o25% for boys and o35% for girls. High BF was defined as X25% for boys and X35% for girls (Nooyens et al., 2007) .
Intergroup's differences among sexes were assessed by Student's t-test. All blood analytes (dependent variables) were skewed and transformed using the natural logarithm before statistical analysis. For each dependent variable, a univariate analysis of variance, with Bonferroni post-hoc tests for subgroup analyses were used to show differences in BMI and percentage BF. The Pearson and Spearman correlation coefficients between age, biological maturity, anthropometric indices and serum lipids and lipoproteins were calculated in both boys and girls. In addition, multiple regression models were performed to examine the association between indices of BF, FM and serum concentrations of TAG, of LDL-cholesterol and HDL-cholesterol after controlling for age and biological maturity (model 1), and after further controlling for BMI (model 2). Analyses were conducted separately for boys and girls. Level of significance was set at Po0.05. Table 1 shows the main characteristics of the participants. A total of 1076 individual blood samples were collected and analyzed for serum lipid parameters. Because of insufficient blood volume for complete lipid analysis, serum concentrations of apoA1, apoB and Lp(a) were only determined in 1049 samples. Compared with girls, adolescent boys had a significantly higher body weight, height and fat-free mass, as well as a lower FM and percentage BF (Table 1) . However, there was no significant difference in BMI. Biological maturity was allocated as follows: 30% of the boys were located in Tanner stage V followed by Tanner stage IV (42%), III (19%), II (7%) and I (2%), with similar findings in girls (Tanner stage V (32%), IV (46%), III (19%) and II (3%)) ( Table 1) .
Results

Main characteristics
Fasting serum concentrations of TC, LDL-cholesterol, HDL-cholesterol, TAG, Lp(a), apoA1 and apoB were significantly lower in boys than in girls (Table 2 ). In contrast, none of the lipid and lipoprotein ratios (total:HDL-cholesterol, LDL:HDL-cholesterol, apoB:apoA1 and TAG:HDL-cholesterol) differed significantly between sexes (Table 2) . Table 3 shows the percentile distributions for fasting serum concentrations of lipids, lipoproteins and apolipoproteins for boys and girls. Table 4 shows all lipid, lipoprotein and apolipoprotein concentrations according to BMI and BF status separated by gender. In boys, BMI was associated with the TAG: HDL-cholesterol ratio with higher ratios in obese boys (2.22±1.39) compared with underweight and normal weight boys (1.23 ± 0.67 and 1.19 ± 0.69, respectively) as well as with higher ratios in overweight boys (1.51 ± 0.85) compared with normal weight boys (all Po0.01). The TAG:HDL-cholesterol ratio was also higher in overweight girls (1.80±1.40) compared with the underweight and normal weight girls (1.17 ± 0.44 and 1.29 ± 0.78, respectively) (both Po0.01). Ratios apoB:apoA1, LDL:HDL-cholesterol and total:HDLcholesterol were lower in underweight (0.42 ± 0.10, 1.66 ± 0.57 and 2.85 ± 0.56, respectively) and normal weight (0.44±0.12, 1.73±0.57 and 2.95±0.59, respectively) subjects compared with their overweight (0.49 ± 0.12, 1.99 ± 0.58 and 3.24 ± 0.63, respectively) and obese (0.56 ± 0.17, 2.25 ± 0.80 and 3.48±0.84, respectively) counterparts (all Po0.03).
BMI and percentage BF
In girls, BMI was associated with TAG and HDLcholesterol. TAG increased and HDL-cholesterol decreased with a higher BMI status (Table 4 ). Boys showed significant 
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Correlation of anthropometric indices, age and biological maturity with serum lipids
Correlation coefficients between anthropometric indices, age, biological maturity and lipids and lipoproteins are shown in Table 5 , for adolescent boys and girls, respectively. In both sexes, serum concentrations of LDL-cholesterol, TAG and apoB were positively associated with BMI and BF, whereas the serum concentrations of HDL-cholesterol and apoA1 were negatively correlated with BMI and BF. In addition, in both sexes, BMI and BF correlated significantly with the ratios of total:HDL-cholesterol, LDL:HDL-cholesterol and of TAG:HDL-cholesterol (data not shown). In boys, age was positively associated with serum TAG and negatively with serum HDL-cholesterol, whereas girls showed no association. Biological maturity was negatively correlated with TC, LDL-cholesterol, HDL-cholesterol and non-HDL cholesterol in boys. In girls, biological maturity was negatively associated with HDL-cholesterol ( Table 5 ).
The results of the regression models separated by sex are given in Table 6 . In boys, fasting serum concentrations of LDL-cholesterol, TAG and apoB were positively associated with BF and FM after controlling for age and biological maturity (model 1). The association between serum TAG, BF and FM remained significant after further controlling for BMI (model 2). Fasting serum concentrations of HDLcholesterol and apoA1 were negatively associated with BF and FM after controlling for age and biological maturity (model 1). However, the association disappeared after further controlling for BMI (model 2) (Table 6) .
In female adolescents, serum LDL-cholesterol, TAG and apoB were positively associated with BF and FM after controlling for age and biological maturity (model 1). After further controlling for BMI (model 2), no association remained significant. Serum HDL-cholesterol and apoA1 were negatively correlated with BF and FM in model 1, but not in model 2 (Table 6 ).
Discussion
To the best of our knowledge, this is the first study assessing the complete fasting serum lipid, lipoprotein and apolipo- 
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A Spinneker et al protein profiles including Lp(a) in a cohort of European adolescents and analyzing the associations to age, gender, biological maturity, BMI, FM and BF. Our major results were that (i) girls had significantly higher fasting serum concentrations of TAG, TC, HDL-cholesterol, LDL-cholesterol, Lp(a), apoA1 and apoB than boys, (ii) fasting serum TAG and HDL-cholesterol concentrations were significantly associated with age in boys, and (iii) BMI, FM and BF were positively correlated with TAG, LDL-cholesterol and apoB, and negatively with HDL-cholesterol and apoA1. In addition, our results suggest that biological maturity negatively influences TC, LDL-cholesterol, HDL-cholesterol and ) showing the association between indices of BF (exposure variables) and fasting serum concentrations of HDL-cholesterol, LDL-cholesterol and of TAG (dependent variables) after controlling for age and biological maturity (model 1), and after further controlling for BMI (model 2) in 12. non-HDL cholesterol in male adolescents and negatively influences HDL-cholesterol concentrations in female adolescents. Our finding of higher lipid, lipoprotein and apolipoprotein concentrations in girls compared with boys is in contrast to other recent studies (Ruiz et al., 2006a; PosadasSanchez et al., 2007) . Only a Turkish study with 2896 schoolchildren aged 7-18 years showed similar results (Ucar et al., 2007) . Differences might be because of different age categorizations and the nationwide restricted study design. In the HELENA study, such effects were minimized through its multinational design and the defined age group. Surprisingly, we found fasting serum concentrations of Lp(a) to be significantly higher in adolescent girls than in boys. The underlying mechanisms are unclear. It is generally accepted that Lp(a) concentrations are genetically determined by the number of kringle repeats (Boerwinkle et al., 1992) , and thus, concentrations are relatively stable during life and vary widely between individuals. Other studies with children and adolescents found no gender-specific differences in Lp(a) concentrations (Taimela et al., 1994; Gomez Gerique et al., 1996; Ruiz et al., 2006a; Tosheska et al., 2007) .
Comparison of our percentiles of European adolescent lipid profiles (Table 3) with already published American data might reveal country-specific differences. The NCEP cut-offs for TAG, total and LDL-cholesterol were set at the 75th and 95th percentile for normal and high concentrations, respectively (1992). Tables 2 and 3 ). The NCEP cut-offs for low (5th percentile) and normal (25th percentile) HDL-cholesterol concentrations were set at 35 mg/dl and 60 mg/dl, respectively. In HELENA, the 5th and 25th percentiles refer to 40 and 49 mg/dl in girls and 37 and 46 mg/dl in boys. Despite the fact that the NECP data were created for one group including male and female children and adolescents, and thus failed to show gender differences, the general lipid percentiles are quite in line with the present European data split for boys and girls. Consequently, the NCEP cut-offs are still appropriate also for European countries. More recently, Ford et al. (2009) A special focus should be set on the comparison of absolute lipid concentrations and their ratios as atherogenic risk index. It is still unclear whether absolute concentrations or their ratios determine the atherogenic risk more precisely, especially in childhood and adolescence. It was beyond the scope of this study to prove which parameter might be more appropriate to assess the atherogenic risk. Main reasons are: (i) the HELENA Study consists of healthy (that is, a nonclinical population) subjects; thus, no phenotypic signs of atherosclerotic changes should be visible; and (ii) the HELENA Study examined adolescents, whereas atheroma development is a finding of later years. However, reference values for apolipoproteins in European adolescents are of special interest as they have been established as new atherosclerosis risk factor (Glowinska et al., 2003) . As already mentioned by others, the concentrations of apoA1 and apoB show an even stronger correlation with atheroma development than their equivalent lipoproteins HDL-and LDL-cholesterol (Gomez Gerique et al., 1996) . This is in agreement with the HELENA results, where apoA1 showed stronger correlations with BMI, BF and FM than LDL-cholesterol.
The present study agrees with findings of a Spanish study including 284 male and 263 female adolescents (Tresaco et al., 2009) . However, our results show even stronger correlations between BMI, lipids, lipoproteins, and apolipoproteins and extend these observations to European adolescents (Tresaco et al., 2009) . Further, in our study, FM and percentage BF were significantly correlated with most lipid, lipoprotein and apolipoprotein concentrations. Recently, this was also observed in the earlier mentioned Spanish study, where TAG were positively correlated with BMI (measure of total adiposity), waist circumference (surrogate for abdominal adiposity) and hip circumference. Additionally, HDL-cholesterol was negatively correlated with BMI, waist and hip circumferences and trunk-to-total skinfolds ratio percentage (surrogate for truncal obesity) (Tresaco et al., 2009) .
Studies investigating the association between lipids and biological maturity showed inconsistent findings (Berenson et al., 1981; Buyukgebiz et al., 1991; Pinhas-Hamiel et al., 2007; Guven and Sanisoglu, 2008) . Some studies found lower HDL-cholesterol concentrations with advancing pubertal stages in boys (Berenson et al., 1981; Guven and Sanisoglu, 2008) , which is in accordance with the present correlation analysis. On the other hand, one of those studies observed a gradual decrease of LDL-cholesterol with pubertal progression in girls, which could not be confirmed by our results (Guven and Sanisoglu, 2008) . In fact, a decrease of HDL-cholesterol in boys is seen as a consequence of higher testosterone concentrations compared with girls leading to a reduction of apolipoproteins associated with HDL-cholesterol (Morrison et al., 2002) . In line with our working hypothesis, fasting serum lipid profiles in European adolescence were strongly correlated with gender, biological maturity and to a lesser extent with age.
The main limitation of our study is related to its crosssectional design, which precludes firm conclusions as to whether the variation in BF distribution may cause any variation in the concentrations of lipids, lipoproteins and apolipoproteins in European adolescents. Further, the subgroups of each city were too small to be representative for the particular city or country. However, it was not our aim to compare our results between countries. The associations of biological maturity with lipids, lipoproteins and apolipoproteins were made with pubertal stages by the method of Tanner, as measurement of sexual hormones in adolescents was not feasible in the study.
The strengths of our study include: (i) all results were obtained from venous blood samples of adolescents who had fasted for at least 10 h; (ii) harmonized and standardized methodology, tested previously in a pilot study guaranteed high quality data; (iii) the present data show a detailed lipid profile including results of seldom published lipids in adolescents such as Lp(a), apoB and apoA1 and (iv) the study comprised a large number of participants.
In conclusion, the current cross-sectional data of a European adolescent population show that fasting serum lipids, lipoproteins and apolipoproteins are strongly associated with gender. In addition, our data support the use of pubertal stages instead of age categories in the interpretation of lipid values and a strong impact of percentage BF, FM and BMI.
